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LIQUID CRYSTAL DISPLAY DEVICE 



background of the invention 

5 1 . Field of the Invention 

The present invention reletes to semi-transmission 
type liquid crystal display device having a reflection 
portion and a transmission portion together in one pixel 
region . 

10 2 . Description of the Related Art 

In recent years , mobile phones , personal data 
assistants (PDAs) , and other portable information 
terminals have spread in use. Demand for liquid crystal 
display devices, which have the advantages of thin shape 
15 and the light weight, is rising as a result. 

Transmission type liquid crystal display devices 
for display utilizing backlight consume large power 
since the backlight is always turned on. Further, under 
sunlight or other very strong ambient light, the ambient 
20 light becomes stronger than the display brightness, so 
the viewability is remarkably deteriorated ("washout") . 
For these reasons, these are not suitable as the display 
devices of portable information terminals for which a 
reduction of the power consultation is demanded and for 
25 which a good viewability under any environment is 
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demanded . 

On the other hand, reflection type liquid crystal 
display devices for display utilizing external light 
consume very low power since backlight is not required 
5 and in principle do not suffer from washout even under 
sunlight. For this reason, they are suitable as the 
display devices of portable information terminals. In 
dark places where the ambient light is weak, the display 
becomes hard to see, but it is possible to arrange a 
10 front light at the display surface side of a reflection 
type liquid crystal display device and turn on the front 
light to secure the viewability under all environments. 

As a reflection type liquid crystal display device, 
for example, Japanese Unexamined Patent Publication 
15 (Kokai) Ko. 10-154817 discloses a normally black mode 
using one phase difference plate on the display surface 
side. 

Further, Japanese Examined Patent Publication No. 
3236504 discloses a normally white mode using two phase 
20 difference plates on the viewing surface side. 

In the front light system, the front light is 
arranged at the viewing surface side, so there are the 
defects that a reduction of the contrast is induced and 
the viewability is lowered. As a method of avoiding this, 
25 a semi-transmission type liquid crystal display device 
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provided with a reflection portion and a transmission 
portion in each pixel portion and arranging a backlight 
at the back surface is disclosed in Japanese Unexamined 
Patent Publication (Kokai) No. 2000-333624. In this 
5 method, since nothing is arranged at the viewing surface 
side, the contrast is not lowered and the viewability is 
good under all environments . 

Generally, semi -transmission type liquid crystal 
display devices as well come in the normally white mode 
10 and the normally black mode. 

FIG. 1 is a sectional view of a semi- transmission 
type liquid crystal display device of the normally white 
mode . 

In this semi-transmission type liquid crystal 
15 display device, at the back surface side, a first surface 
side of a transparent sxibstrate la has a phase difference 
plate (X/4) 2a, a phase difference plate (X/2) 3a, and a 
polarization plate 4a stacked on it. A transparent 
electrode (ITO film) 5 is formed in a region of 
20 approximately half of a second surface side of the 

transparent substrate la, an insulator 6 thicker than the 
transparent electrode 5 is formed in the region where the 
transparent electrode 5 is not formed, and a reflection 
electrode 7 is formed on the insulator 6, On the viewing 
25 surface side, at the back surface side, a first surface 
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side of a transparent svibstrate lb has a phase difference 
plate (X/4) 2h, a phase difference plate (X/2) 3b, and a 
polarization plate 4b stacked on it. A common electrode 8 
is formed on a second surface (upper surface) side of the 
5 transparent substrate lb . Further , the transparent 

electrode 5 and reflection electrode 7 and the common 
electrode 8 are bonded so that they face each other. 

Liquid crystals 9 are sealed between these electrodes . 

FIG. 2 is a sectional view of a semi-transmission 
10 type liquid crystal display device of a normally black 
mode (for example refer to IDW' 00 Preprints LCT2-2, p. 
41-44) . In FIG. 2, for easy comparison of the 
configuration with the semi -transmission type liquid 
crystal display device of the normally white mode of FIG. 
15 1 , the same components are given the same reference 

numerals. The points of difference of the semi- 
transmission type liquid crystal display device of the 
normally black mode from the semi -transmission type 
liquid cirystal display device of the normally white mode 
20 are that only one phase difference plate (X/2) 3b is 

arranged on the viewing surface side and that no phase 
difference plate is arranged on the back surface side. 

As will be understood also from PIG. 1, the semi- 
transmission type liquid crystal display device of the 
25 normally white mode uses two phase difference plates on 
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the viewing surface side and two phase difference plates 
on the back surface side; i.e., a total of four phase 
difference plates. This becomes a cause of higher cost. 
Further, in recent years, advances have been made in 
5 reducing the thickness of liquid crystal display devices, 
but if using these four phase difference plates, 
reduction of thickness inevitably becomes difficult. 

On the other hand, the semi -transmission type 
liquid crystal display device of the normally black mode, 
10 as shown in FIG. 2, uses one phase difference plate on 
the viewing surface side, but does not use a phase 
difference plate on the back surface side, so enables 
realization of a lower cost in comparison with the 
normally white mode and is further advantageous in the 
15 reduction of thickness. Note that the orientation mode of 
the liquid crystal disclosed here is the homogeneous 
orientation . 

Summarizing the problems to be solved by the 
invention, based on IDW' 00 Preprints LCT2-2, p. 41-44, 

20 red (R) , green (G) , and blue (B) color filters were 

formed in the substrate lb on the viewing surface side of 
the semi -transmission type liquid crystal display device 
of the normally black mode system and the chromati cities 
of colors in the reflection mode and the transmission 
25 mode in the case where voltages were supplied to the 









NO. Ol\l r. 10 



6 

pixels of the different colors were measured. In the same 
way, a semi-transmission type liquid crystal display 
device of the normally white mode system was prepared and 
the chromati cities measured. 

5 FIG, 3A is a view of results of measurement of 

reflection chromati cities of semi-transmission type 
liquid crystal display devices of a normally white mode 
and a homogeneously oriented normally black mode. FIG. 3B 
is a view of results of measurement of the transmission 
10 chromati cities of semi -transmission type liquid crystal 
display devices of a normally white mode and a 
homogeneously oriented normally black mode. In FIGS. 3A 
and 3B, the characteristics indicated by NW show the 
results of measurement of the normally white mode, and 
16 the characteristics indicated by HNB show the results of 
measurement of the homogeneously oriented normally black 
mode. 

As will be understood from the figures, a 
homogeneously oriented normally black mode semi- 
20 transmission type liquid crystal display device has the 
disadvantage that a remarkable reduction of the 
chromaticity is seen in comparison with the chromaticity 
of the normally white mode semi -transmission type liquid 
crystal display device, so it is very poor in image 
25 quality. 
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Further, in the case of a homogeneously oriented 
normally black semi -transmission type liquid crystal 
display device, in order to realize a good dark state in 
the reflection portion, when the thickness of the liquid 
5 crystal layer of the reflection portion is "d”. And = 135 
nm, and the phase difference value of the phase 
difference plate on the viewing surface side is 
preferably 275 nm. In terms of production, the refractive 
index difference An of a liquid crystal material for 
10 which reliability can be secured is 0.07 or more, when 
further considering the response of the liquid crystals 
and other characteristics, 0.075 or more is more 
preferred. When using a liquid crystal material of An = 
0.075, the gap of the liquid crystal layer of the 
15 reflection portion becomes 1.8 pm. Usually, when lower 
than 2 pm, short-circuits of the upper and lower 
substrates and gap failure due to entry of foreign matter 
frequently occur. For this reason, a normally black mode 
semi -transmission type liquid crystal display device 
20 using homogeneous orientation has the disadvantage that 
production is very difficult. 

Further, when using homogeneous orientation, there 
are the disadvantages that the inclination of a 
transmittance curve with respect to the voltage is gentle 
25 a reduction of the voltage is very difficult, and, as a 
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result:, a reduction of the power consumption is difficult. 

Further, in this homogeneously oriented normally 
black mode semi -transmission type liquid crystal display 
device, a phase difference plate is not used on the back 
5 surface side, only a polarization plate is used. In this 
case, wavelength dispersion cannot be compensated for in 
the transmission light. Therefore, the dark state, that 
is, the black color, becomes colored. In actuality, in a 
homogeneously oriented semi -transmission type liquid 
10 crystal display device, it was confirmed that the dark 

state was colored blue, so the image quality was not good. 

Further, in a normally black mode semi -transmission 
type liquid crystal display device, when the shape of the 
boundary between the transmission portion and the 
15 reflection portion is rectangular, there is the 

disadvantage that light is reflected at the reflection 
electrode portion (refer to FIG. 2) of the recessed 
portion of the reflection portion step difference, so the 
reflection contrast is lowered. 

20 SUMMARY OF THE INVENTION 

A first object of the present invention is to 
provide a liquid crystal display device giving a good 
image quality without a reduction of the chromaticity in 
comparison with a normally white mode semi-transmission 
25 type liquid crystal display device even in a case when 
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employing a normally black mode, able to secure a gap of 
the reflection portion able to suppress occurrence of 
defects, enabling a reduction of the voltage, able to 
realize a lower power consumption, having a more natural 
5 color in the dark state in the transmission, and able to 
improve the image quality. 

A second object of the present invention is to 
provide a liquid crystal display device able to prevent a 
reduction of the reflection contrast by giving a shape 
10 other than a straight line to the boundary between the 
transmission portion and the reflection portion on the 
side opposite to the main viewing angle direction. 

To attain the above objects, according to the 
present invention, there is provided a liquid crystal 
15 display device including a reflection portion and a 
transmission portion in one pixel and eir^loying a 
normally black mode wherein a dark state is exhibited 
when no voltage is supplied, wherein an orientation mode 
of the liquid crystal is a twist orientation, a 
20 polarization plate and one phase difference plate are 
provided on a viewing surface side, and a polarization 
plate is provided on a back surface side. 

Preferably, a ratio dt/dr between a gap dt of the 
transmission portion and a gap dr of the reflection 
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portion satisfies a relationship of 1 . 7<dt/dr^2 . 05 
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Preferably, the twist angle is 30 degrees to 60 
degrees . 

Preferably, a phase difference value of the phase 
difference plate on the viewing surface side at a 
5 wavelength of 550 nm is 310 nm or more. 

Preferably, in the phase difference plate on the 
viewing surface side, when a refractive index of an 
extension direction of the phase difference plate is nx, 
a refractive index of a perpendicular direction to the 
10 extension direction is ny, a refractive index in a normal 
direction with respect to the phase difference plate 
surface is nz, and a value represented by the following 
equation is nz, 

Nz = (nx-nz) / (nx-ny) 

15 where, Nz satisfies the relationship of 0^z<0.5. 

Preferably, at least one side in the shap>e of the 
boundary between the transmission portion and the 
reflection portion is a shape other than a straight line. 

According to the present invention, there is 
20 provided a normally black mode liquid crystal display 

device providing a reflection portion and a transmission 
portion in one pixel, providing a polarization plate and 
one phase difference plate on a viewing surface side, and 
providing a polarization plate on a back surface side, 

25 wherein an orientation mode of the liquid crystal is made 
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a twist orientation so as to form a gap of the reflection 
portion at a level where no problem occurs in terms of 
production. Further, it is possible to make the R, G, and 
B reflection and transmission chroma ti cities 
5 substantially equivalent to those of the normally white 
mode, so a reduction of the image quality is eliminated 
in comparison with the normally white mode. Further, the 
brightness saturation voltage is lowered, and a reduction 
of the power consumption is achieved. Further, it becomes 
10 possible to make the chromaticity of the dark state of 
the transmission a more natural black, and the 
improvement of the image quality is achieved in 
comparison with homogeneous orientation. 

Further, according to the present invention, since 
15 for example the twist angle is made 30 degrees to 60 

degrees, the phase value of the phase difference plate on 
the viewing surface side is made 310 nm or more, and the 
ratio dt/dr between the reflection portion gap dr and the 
transmission portion gap dt is made 1.7 to 2.05, the gap 
20 of the reflection portion can be made a level where there 
is no problem and it is possible to hold the 
characteristics of the reflection and the transmission. 

Further, according to the present invention, in the 
phase difference plate on the viewing surface side, when 
25 the refractive index of the extension direction of the 



innu I mnn 






IV 0. ^i\i 



? r 

12 

phase difference plate is nx, the refractive index of the 
perpendicular direction to the extension direction is ny, 
the refractive index of the normal direction with respect 
to the phase difference plate surface is nz = (nx- 
5 nz)/(nx— ny), the value of Nz satisfies the relationship 0 
^ Nz ^ 0.5, so an increase of the transmission viewing 
angle is achieved. 

Further, according to the present invention, since 
at least one side in the shape of the boundary between 
10 the transmission portion and the reflection portion is a 
shape other than the straight line, the reflection 
contrast of the main vision direction is improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the present 
15 invention will become clearer from the following 

description of the preferred embodiments given with 
reference to the attached drawings, wherein; 

FIG. 1 is a sectional view of a semi -transmission 
type liquid crystal display device of a normally white 
20 mode system; 

FIG. 2 is a sectional view of a semi -transmission 
type liquid crystal display device of a normally black 
mode system using homogeneous orientation; 

FIGS. 3A and 3B are views of reflection 



25 chromati cities and transmission chromatid ties of a 
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normally white mode semi -transmission type liquid crystal 
display device and a homogeneously oriented normally 
black mode semi-transmission liquid crystal display 
device; 

5 FIG. 4 is a sectional view of a twist oriented 

normally black mode semi -transmission liquid crystal 
display device according to the present invention; 

FIGS. 5A and 5B are conceptual views seen from a 
viewing surface side of a. twist oriented normally black 
10 mode semi -transmission liquid crystal display device used 
in an embodiment and shows azimuths of a polarization 
plate and phase difference plate and a rubbing direction; 

FIGS . 6A and 6B are conceptual views seen from a 
viewing surface side of a homogeneously oriented normally 
15 black mode semi-transmission liquid crystal display 
device and shows azimuths of a polarization plate and 
phase difference plate and a rubbing direction; 

FIG. 7 is a view of a measurement device of a 
reflection contrast; 

20 FIGS. 8A and 8B are views of reflection contrasts 

of a twist oriented normally black mode semi -transmission 
liquid crystal display device and a homogeneously 
oriented normally black mode semi -transmission liquid 
crystal display device; 

25 FIG. 9 is a view of defect rates of a twist 
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oriented normally black mode semi-transmission liquid 
crystal display device and a homogeneously oriented 
normally black mode semi -transmission liquid crystal 
display device; 

5 FIG. 10 is a view of voltage- transmittance 

characteristics of a twist oriented normally black mode 
semi-transmission liquid crystal display device and a 
homogeneously oriented normally black mode semi- 
transmission liquid crystal display device; 

10 FIG. 11 is a view of a measurement device of 

transmission chromaticity ; 

FIG. 12 is a view of a measurement device of 
reflection chromaticity; 

FIGS. 13A and 13B are views of reflection 
15 chroma tici ties and transmission chromaticities of a 
homogeneously oriented normally black mode semi- 
transmission liquid crystal display device, a twist 
oriented normally black mode semi -transmission liquid 
crystal display device, and a normally white mode semi- 
20 transmission liquid crystal display device used in the 
present embodiment; 

FIG. 14 is a view of the chromaticity of the dark 
state of transmission; 

FIG. 15 is a view of a transmission spectrum of the 



25 dark state found from simulation; 
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FIG. 16 is a view of an optimum reflection gap with 
respect to a twist angle; 

FIG. 17 is a view of an optimum phase difference 
value of a phase difference plate with respect to a twist 
5 angle ; 

FIG. IB is a view of an optimum transmission gap 
with respect to a twist angle; 

FIG. 19 is a view of a ratio of an optimum 
transmission gap and an optimum reflection gap with 
10 respect to a twist angle; 

FIG. 20 is a view of a reflection contrast with 
respect to the twist angle; 

FIG. 21 is a view of a concept of nx, ny, and nz of 
a phase difference plate on the viewing surface side; 

15 FIG. 22 is a view of a measurement device of a 

transmission viewing angle; 

FIG. 24 is a view of a concept of a reflection main 

sight; 

FIG. 25 is a view of a reflection contrast azimuth 
20 angle dependency in the case where the shape of the 
transmission portion is a rectanglar; 

FIG. 26 is a view of a state where light is 
reflected at an edge of the transmission portion; 

FIG. 27 is a view of a device wherein the shap>e of 
25 the transmission portion in the opposite direction to the 
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main visual azimuth is made approximately circular; and 

FIG. 26 is a view of a reflection contrast azimuth 
angle dependency of the device of FIG. 27. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 [0034] Below ^ an explanation will be given of 

embodiments of the present invention with reference to 
the drawings . 

First Embodiment 

FIG. 4 is a sectional view of a twist oriented 
10 normally black mode semi -transmission liquid crystal 
display device according to the present invention. 

This normally black mode semi-transmission liquid 
crystal display device 10 has, as shown in FIG. 4, a back 
surface side substrate A (TFT (thin film transistor) 

15 substrate) and a viewing surface side substrate B. 

Further, in FIG. 4, 11a and 11b indicate transparent 
glass substrates, 12b indicates a phase difference plate, 
13a and 13b indicate polarization plates, 14R, 14G, and 
14B indicate color filters, 15b indicates an overcoat, 

20 16a and 16B indicate ITO electrodes (transparent 

electrodes) , 17 indicates an insulator, 18 indicates a 
reflection electrode (Ag electrode) , 19 indicates a TFT 
element, 20 indicates a column, 21 Indicates a liquid 
crystal, 22 indicates a reflection portion, and 23 
25 indicates a transmission portion. 
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Flrs^/ an explanation will be given of the 
substrate A (TFT substrate) . A TFT element 19 is formed 
at each pixel on the transparent glass substrate 11a. A 
step difference having a relief portion made of a photo- 
5 sensitive resin as the material is formed on that through 
a photolithography step. Note that, this step difference 
can be controlled by the thickness of the coating of the 
photo-sensitive resin. Further, a reflection electrode 18 
made of silver (Ag) having a thickness of 100 nm is 
10 formed at the relief portion (reflection portion) 22, and 
an ITO electrode 16a having a thickness of 50 nm is 
formed at a place other than the relief portion 
(transmission portion) . Note that, although not 
illustrated, an orientation film for orienting the liquid 
15 crystal 21 is foirmed after passing through these steps. 

Next, an explanation will be given of the substrate 
B (color filter substrate) . A transparent glass substrate 
lib is formed with red (R) , green (G) , and blue B color 
filters 14R, 14G, and 14B, an overcoat 15b, and an ITO 
20 electrode 16b serving as a common electrode. Further, a 
colYimn 20 made of a photo-sensitive resin (NN710G, made 
by JSR) is formed at each pixel through a 
photolithography step. Note that, although not 
illustrated, the orientation film is formed after passing 
25 through these steps. 
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After the sxibstrate A and the siabstrate B are 
rubbed at predetermined angles , they are bonded so that 
their electrodes faced each other. Through an injection 
step, a liquid crystal material having a refractive index 
5 difference An = 0.075 is injected between the substrate A 
and the substrate B. Note that a gap "d” between the 
reflection portion of the substrate A side and the ITO 
electrode 16b on the substrate B side is controlled by 
the columns 20. The column height "d" can be adjusted by 
10 the thickness of the coating of the NN710G. In the 

present embodiment, five types of liquid crystal display 
devices in total having column heights ”d" of 2.6 pm, 2.7 
pm, 2.6 pm, 2.9 pm, and 3.0 pm were prepared. Further, in 
these devices, the value from the ITO electrode 16a of 
15 the transmission portion 23 of the s\ibstrate A to the 
average height of the Ag surface (reflection electrode 
surface) of the reflection portion 22 was set to 2.6 pm, 
Further, at the viewing surface side, a phase 
difference plate 12b having a phase difference value of 
20 355 nm at a wavelength of 550 nm and a polarization plate 

13b are bonded to a first surface side of the transparent 
glass substrate 11b. At the back surface side, only a 
polarization plate 13a is bonded to a first surface side 
of the transparent glass sxibstrate 11a. 

25 FIG. 5A is a conceptual view seen from the viewing 
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surface side of a twist oriented normally black mode 
semi-transmission liquid crystal display device used in 
the present embodiment. Further, FIG. 5B is a view of the 
azimuths of the polarization plates and the phase 
5 difference plate and the rubbing direction. FIG. 5A is a 
plan view seen from the viewing surface side of the 
liquid crystal display device, while FIG. 5B 
simultaneously shows the rxibbing direction, the phase 
delay axis direction of the phase difference plate, and 
10 an absorption axis direction of the polarization plate. 

Note that, in FIG. 5B, AXl indicates the phase delay axis 
of the phase difference plate 12b, AX2 indicates the 
absorption axis of the back surface side polarization 
plate 13a, AX3 indicates the absorption axis of the 
15 viewing surface side polarization plate 13b, DRl 

indicates the rubbing direction of the substrate A side, 
and DR2 indicates the rubbing direction of the substrate 
B side. The orientation of the liquid crystal layer is 
the twist orientation, and the twist angle is 45 degrees. 
20 On the other hand, for comparison, five types of 

homogeneously oriented normally black mode semi- 
transmission liquid crystal display devices in total 
using the substrate A and the substrate B and having 
column heights of 1.6 ym, 1.7 ym, 1.0 ym, 1.9 ym, and 2.0 
2.5 ym were prepared. The differences of them from the twist 
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orientied normally black mode semi-transmission liquid 
crystal display devices are: 

• a value from the transmission portion ITO of the 
substrate A to the average height of the reflection 
6 portion Ag surface of 1.8 

■ anti-parallel rubbing so that the liquid crystal 
orientation becomes the homogeneous orientation; and 
' the polarization plate angle on the viewing 
surface side, the phase difference value and angle of the 
10 phase difference plate, and the angle of the polarization 
plate of the back surface. 

Note that, as the phase difference plate, use is 
made of one having a phase difference value of 275 nm at 
a wavelength of 550 nm. 

16 FIG. 6A is a conceptual view seen from the viewing 

surface side of a homogeneously oriented normally black 
mode semi -transmission liquid crystal display device used 
in the present embodiment. Further, FIG. 6B is a view of 
the azimuths of the polarization plates and the phase 
20 difference plate and the rubbing direction. FIG. 6A is a 
plan view seen from the viewing surface side of the 
liquid crystal display device, while FIG. 6B 
simultaneously shows the rubbing direction, the phase 
delay axis direction of the phase difference plate, and 
25 the absorption axis direction of the polarization plate. 
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Note that, in PIG. 6B, similar to FIG. 5B, AXl indicates 
the phase delay axis of the phase difference plate 12b, 
AX2 indicates the absorption axis of the back surface 
side polarization plate 13a, AX3 indicates the absorption 
5 axis of the viewing surface side polarization plate 13b, 
DRl indicates the rubbing direction of the substrate A 
side, and DR2 indicates the rvibbing direction of the 
substrate B side . 

The reflection contrast characteristics of the 
10 cibove 10 types of liquid crystal display devices were 

measured by using the device 30 shown in FIG. 7. In FIG. 
7, 31 indicates a light source, 32 indicates a light 
receiving element, and 33 indicates a liquid crystal 
display panel. 

15 Parallel beams from the light source 31 are made 

incident from an azimuth of 90 degrees of the liquid 
crystal display device and a direction inclined by 30 
degrees from the substrate normal direction. The light 
reception angle is the substrate normal direction. The 
20 results of measurement of the reflection contrast 

characteristics are shown in FIGS. 6A and 6B. FIG. 8A 
shows the reflection contrast of the twist orientation, 
while FIG. 8B shows the reflection contrast of the 
homogeneous orientation. Note that, in FIGS. 8A and 8B, 
an abscissa represents the reflection gap "d”, and an 
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ordinate represents the contrast. 

As will be understood from this, in devices of a 
twist orientation, the device having a column height of 
2.6 pm had the highest reflection contrast of 23. In 
5 devices of a homogeneous orientation, the device having a 
column height of 1 . 6 pm had the highest reflection 
contrast of 10. From the above description, it was 
confirmed that by employing the twist orientation, it 
becomes possible to prepare a device having a wider 
10 reflection gap "d” - which is very advantageous from the 
viewpoint of the yield. Further, the degree of the 
improvement of the yield was confirmed by preparing 300 
panels of devices having twist orientation having the 
column height of 2 . 8 pm and devices of homogeneous 
15 orientation having the column height of 1.8 pm. As a 
result, the number of minus points due to short- 
circuiting of the upper and lower substrates and the 
number of the gap defects due to the entry of foreign 
matter etc. became as shown in FIG. 9. In FIG. 9, TNB 
20 indicates the normally blacJc mode semi -transmission 

liquid crystal display device of the twist orientation, 
and HNB indicates the normally black mode semi- 
transmission liquid crystal display device of the 
homogeneous orientation. Kote that, a panel is judged 
25 defective when there are two or more minus marks . Further , 



a panel is judged defective when there is even one gap 
defect due to foreign matter in a panel . Each defect is 
independently counted. It will be understood from FIG. 9 
that the number of minus marks is clearly smaller than 
that of the devices of the twist orientation. Further, 
there are fewer gap defects in the twist orientation. It 
was confirmed from this that by using the twist 
orientation, devices having a wider reflection gap became 
possible and therefore the yield was improved. 

Second Embodiment 

The voltage- transmittance characteristics of a 
semi— transmission liquid crystal display device of a 
twist orientation having a column height of 2.8 pm and a 
semi -transmission liquid cirystal display device of a 
homogeneous orientation having a column height of 1.8 pm 
prepared in the first embodiment were measured. 

FIG. 10 is a view of results of the measurement of 
the voltage-transmittance characteristics of a semi- 
transmission liquid crystal display device of a twist 
®^i®^^f^tion having a column height of 2.8 jjm and a semi- 
ff^hsmission liquid crystal display device of a 
homogeneous orientation having a column height of 1.8 ym 
prepared in the first embodiment. In FIG. 10, the 
abscissa represents the applied voltage, and the ordinate 
represents the transmittance. Further, in FIG. 10, a 
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curv 0 indi-CS^Gd by T shows th© chGPGC'toiri.s^i.c of & twist 
orientation device/ and H shows the characteristic of a 
homogeneous orientation device. 

As shown in FIG. 10, by employing the twist 
6 orientation, the voltage at which the transmittance is 
saturated becomes smaller and a reduction of the voltage 
was achieved. It was seen from this that the twist 
orientation is effective also for the reduction of the 
power consumption . 

10 Third Embodiment 

A semi -transmission liquid crystal display device 
of a twist orientation having a column height of 2.8 pm 
and a semi -transmission liquid crystal display device of 
a homogeneous orientation having a column height of 1.6 
15 pm prepared in the first embodiment were measured for the 
chromatid ties of the R pixels, the chromatid ties of the 
G pixels, and the transmission chromatidty coordinates 
of the B pixels when voltages of 5V were supplied to the 
R, G, and B pixels. A device 40 as shown in FIG. 11 was 
20 used for the measurement. In FIG. 11, 41 indicates a 

light source, 42 indicates a light receiving element, and 
43 indicates a liquid crystal display panel. Note that a 
halogen lamp is used for the light source 41 and that the 
chromatidty is calculated by conversion to a D65 light 



25 source later. 




Jill r. jj 

$ t 

25 

Next, by using a device 50 as shown in FIG. 12, 
disp>ersion light was irradiated from a display surface 
side of the liquid crystal by an integrating sphere and 
the reflection characteristic was evaluated. In FIG. 12, 

5 51 indicates a liquid crystal panel , 52 indicates an 

integrating sphere, 53 indicates a light source, and 54 
indicates a light receiving element. 

FIG. 13A is a view of the reflection chromaticities 
of a homogeneously oriented normally black mode semi- 
10 transmission liquid crystal display device, a twist 
oriented normally black mode semi -transmission liquid 
crystal display device, and a normally white mode semi- 
transmission liquid crystal display device used in the 
embodiment. FIG. 13B is a view of the transmission 
15 chromaticities of a homogeneously oriented normally black 
mode semi -transmission liquid crystal display device, a 
twist oriented normally black mode semi-transmission 
liquid crystal display device, and a normally white mode 
semi- transmission liquid crystal display device used in 
20 the embodiment. FIGS. 13A and 13B also show, for 
comparison, the reflection and transmission 
chromaticities of the normally white mode semi- 
transmission liquid crystal display device. In FIGS. 13A 
and 13B, the characteristics indicated by TNB show the 
measurement results of the twist oriented normally black 
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mode, the characteristics indicated by HNB show the 
measurement results of the homogeneously oriented 
normally black mode, and the characteristics indicated by 
NW show the measurement results of the normally white 
5 mode . 

As will be understood from this, a twist oriented 
semi -^transmission liquid crystal display device is 
substantially the same in reflection and transmission 
chromati cities as the chromati cities of the normally 
10 white mode and is substantially equivalent also in the 
image qual i ty . 

Fourth Embodiment 

The chromaticities of the dark state of the 
transmission were measured in a semi-transmission liquid 
15 crystal display device of a twist orientation having a 
colxwin height of 2.8 pm and a semi -transmission liquid 
crystal display device of a homogeneous orientation 
having a column height of 1.0 pm prepared in the first 
embodiment by using the measurement device of FIG. 11. 

20 Note that an LED backlight was used for the light source. 

FIG. 14 is a view of the measurement results of the 
chromaticities of the dark state of transmission. FIG. 15 
is a view of the transmission spectrum of the dark state 
found by simulation. In FIG. 15, the abscissa indicates 
the wavelength, and the ordinate indicates the 
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transmintance . Further, in FIG, 15, the characteristic 
indicated by T shows the characteristic of a twist 
oriented device, and the characteristic indicated by H 
shows the characteristic of a homogeneously oriented 
5 device . 

As seen from the figures , in a device of the 
homogeneous orientation, the transmission dark state is 
colored blue. The device of the twist orientation is a 
more natural color. Further, when the transmission 
10 brightness is 50 cd/m* or more, there is no problem in 

the twist orientation, but in the homogeneous orientation, 
it was confirmed that the color black was felt as blue 
and therefore there was a problem, The above matter can 
also be confirmed by simulation. It will be understood 
15 that by employing the twist orientation, in the 

transmission spectrum of the dark state, the transmission 
on the short wavelength side and the long wavelength 
sides is suppressed, so the coloring of the black is 
suppressed (FIG. IS) . Further, by the suppression of the 
20 light transmission of the short wavelength and the long 
wavelength in the black state in the twist orientation, 
the contrast is iit^roved. Compared with the contrast of 
30 in the device of the homogeneous orientation, the 
contrast became 50 in the twist orientation. 
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Next, the optim\im reflection gap with respect to 
the twist angle was found by simulation. 

FIG. 16 is a view of the optimiim reflection gap 
with respect to the twist angle found by simulation. In 
5 FIG. 16, the abscissa represents the twist angle, and the 
ordinate represents the optimum reflection gap. Further, 
FIG. 17 is a view of the optimum phase difference value 
of the phase difference plate with respect to the twist 
angle. In FIG. 17, the abscissa represents the twist 
10 angle, and the ordinate represents the phase difference 
value of the phase difference plate. 

As shown in FIG. 16, it will be understood that 
when the refractive index difference An of the liquid 
crystal material is 0.075, a reflection gap of 2 pm can 
15 be secured when the twist angle is 30 degrees or more. 

Further, at this time, it was seen that the optimum value 
of the phase difference plate used from the viewing 
surface side became as shown in FIG. 17, and 310 nm or 
more was required. Next, the optimum transmission gap 
20 with respect to each twist angle was found. 

FIG. 18 is a view of the optimum transmission gap 
with respect to the twist angle. In FIG. 18, the abscissa 
represents the twist angle, and the ordinate represents 
the transmission gap. Further, FIG. 19 is a view of a 
25 ratio (dt/dr) of the optimum transmission gap and the 
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optimum reflection gap with respect to the twist angle. 

In FIG. 19, the ratio dt/dr between the gap dt of the 
transmission portion 23 and the gap dr of the reflection 
portion 22 was found from FIG. 16 and FIG, 18. In FIG. 19, 
•5 the abscissa represents the twist angle, and the ordinate 
represents the ratio (dt/dr) of the transmission gap and 
the optimxjm reflection gap. 

It will be understood from FIG. 19 that the ratio 
dt/dr between the gap dt of the transmission portion 23 
10 and the gap dr of the reflection portion 22 has to be 
within the following range: 

1 . 7^dt/dr^2 . 05 (1) 

Further, based on the above results, twist oriented 
normally black semi-transmission liquid crystal display 
]5 devices having twist angles of 10 degrees, 20 degrees, 30 
degrees, 40 degrees, 50 degrees, 60 degrees, and 70 
degrees were prepared using the optimum reflection gap, 
the optimum transmission gap, and the optimum phase 
difference plate value as references. The reflection 
20 contrasts at that time are shown in FIG. 20. 

FIG. 20 is a view of the reflection contrast with 
respect to the twist angle at that time. In FIG. 20, the 
abscissa indicates the twist angle, and the ordinate 
indicates the reflection contrast. 

25 It will be understood from these results that a 
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twist angle of 60 degrees or less is good for securing a 
good contrast. 

Sixth Embodiment 

As shown in FIG. 21 , the refractive index of the 
5 extension direction of the phase difference plate 12b is 
defined as nx, the refractive index of the extension 
direction and the vertical direction is defined as ny, 
the refractive index in the normal direction with respect 
to the phase difference plate surface is defined as nz, 

10 and the coefficient represented by the following equation 
is defined as the Nz coefficient: 

Nz = (nx-nz) / (nx-ny) (2) 

Three types of twist oriented semi -transmission 
liquid crystal display devices having a column height of 
15 2,8 ym prepared in the first embodiment and set to Nz 

coefficients of the phase difference plate 12b on the 
viewing surface side of Nz = 1, Nz = 0.5, and Nz = 0 were 
prepared and measured for viewing angle 6 when the 
transmission contrast became 5 or more at azimuths of 0 
20 degree, 90 degrees, 180 degrees, and 270 degrees. A 

conceptual view of a measurement system 60 used for the 
measurement is shown in FIG. 22. In FIG. 22, 61 indicates 
a light source, 62 indicates a light receiving element, 
and 63 indicates a liquid crystal display panel , 

25 FIG. 23 is a view of the measurement values of the 
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transmission viewing angle. It is seen from FIG. 23 that 
the device using the phase difference plate of Nz = 0 has 
the broadest viewing angle. A resp>onse test was carried 
out, whereupon it was learned that the Nz coefficient was 
5 the viewing angle able to withstand real use in the 
following range: 

O^z^O.5 (3) 

Seventh Embodiment 

First, an explanation will be given from the 
10 definition of the main visual azimuth. In general, a PDA, 
a mobile phone, or another portable terminal 70 is used 
held in the hand as shown in FIG. 24. At this time, the 
azimuth of the upper side of the liquid crystal display 
device will be referred to as the "main visual azimuth". 
15 Much external light strikes the panel from this main 

visual azimuth, is reflected at the device, and reaches 
the eyes. Accordingly, when evaluating the contrast of 
the reflection, if the light is made to strike from the 
main visual azimuth by the device as in FIG. 7 for 
20 evaluation, a value near the contrast when actually used 
is obtained. 

A semi -transmission liquid crystal display device 
of a twist orientation having a column height of 2.8 p™ 
prepared in the first embodiment was set to a main visual 
25 azimuth of the 90 degrees azimuth of FIG. 5 to 
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investigate the dependency of the reflection contrast on 
the azimuth angle. The incident light was made incident 
from a direction inclined by 30° from the substrate 
normal direction. 

5 FIG. 25 is a view of the dependency of the 

reflection contrast on the azimuth angle when the shape 
of the transmission portion 23 is rectangular. In this 
way, the phenomenon of the contrast becoming smaller at 
the azimuths of 0 degree, 90 degrees, 180 degrees, and 
10 270 degrees could be confirmed. On the other hand, the 

substrate A used in the first CTibodiment was used to 
prepare a normally white semi -transmission liquid crystal 
display device. The main visual azimuth was set in the 
same way as above to investigate the dependency of the 
15 reflection contrast on the azimuth angle, but such a 
phenomenon was not confirmed. Therefore, in the dark 
state of the semi-transmission liquid crystal display 
device of the twist orientation, the light was made 
incident at a 90 degree azimuth from a direction inclined 
20 by 30 degrees from the normal direction and observed by a 
microscope from the perpendicular direction. Then, the 
light was reflected and shone at the boundary between the 
transmission portion and the reflection portion on the 
opposite side to the main sight as shown in FIG. 26. Such 
25 a phenomenon did not occur in the normally white device. 
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This is considered to occur due to the following: 

Namely, in the dark state of the normally black 
mode, the dark state is formed by the liquid crystals 21 
and the phase difference plate 12b on the viewing surface 
5 side. For this reason, if there is a disturbance in 

orientation of the liquid crystals 21 , it leads to light 
leakage. Contrary to this, in the normally white mode, 
the dark state is formed by two phase difference plates 
on the viewing surface side. Birefringence is not so 
10 relevant at that time. Accordingly, even if there is a 
disturbance in orientation of the liquid crystals, it 
does not lead to much light leakage. It can be considered 
that a disturbance in orientation occurs at the portion 
of the boundary between the transmission portion and the 
1!) reflection portion. In a device of the normally black 

mode, it is considered that this leads to light leakage, 
and the contrast is lowered. 

Therefore, a device was prepared reduced in the 
absolute amount of the light leakage, as shown in FIG. 27, 
20 by making the boundary between the transmission portion 
23 and the reflection portion 22 in the opposite 
direction to the main visual azimuth not a straight line, 
but an approximately circular shape having a 
predetermined radius of curvature R and investiated for 
25 the dependency of the reflection contrast on the azimuth 
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angle, whereupon the reduction of the contrast of the 
main visual azimuth disappeared as shown in FIG. 28. 

Summarizing the effects of the invention, as 
explained above, according to the present invention, 

5 large effects are exhibited compared with the case where 
the homogeneous orientation was used in the following 
pointis : 

The R, G, and B chromati cities of the reflection 
and transmission are improved and the image quality is 
10 ixrproved along with this. Further, a reduction of the 
voltage of for exan^le about IV to 2V can be achieved, 
whereby a reduction of the power consumption becomes 
possible. Further, when using a liquid crystal material 
having a refractive index difference Zln not problematic 
15 in reliability is used, a reflection gap of 2 pm or more 
not problematic in terms of production becomes possible, 
and an improvement in yield can be achieved. The degree 
of the black color of the dark state in transmission 
becomes natural and the image quality is improved in 
20 comparison with the homogeneous orientation. Further, by 
setting the twist angle to 30 degrees to 60 degrees, the 
phase difference value of the phase difference plate on 
the viewing surface side to 310 nm or more, and the ratio 
dt/dr between the reflection gap dr and the transmission 
25 gap dt to 1.7 to 2.05, there are the advantages that a 
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reflection gap not problematic in terms of production 
becomes possible and the characteristics of the 
reflection and the transmission become optimum. Further, 
by setting the Nz coefficient of the phase difference 
5 plate used on the viewing surface side to 0^ < 0,5 or 
more, it becomes possible to achieve an increase in the 
viewing angle of transmission not problematic in 
practical use. Further, by employing a shape other than a 
straight line for at least one side in the shape of the 
10 boundary between the transmission portion and the 
reflection portion, for example, an approximately 
circular shape, the reflection contrast of the main 
visual direction is enhanced, 

Pfhile the invention has been described with 
15 reference to specific embodiments chosen for purpose of 
illustration, it should be apparent that numerous 
modifications could be made thereto by those skilled in 
the art without departing from the basic concept and 
scope of the invention. 




